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ABSTRACT
Single run neutral type iodobromide emulsions of 1 , 5
and 10 mole % were made similarly. On development to 0.7
gamma with Kodak developers D23 and DK50, it was found that
the 10% iodide emulsion had faster speed than the 1% iodide
emulsion but yet its granularity was no greater than the 1%
iodide emulsion. There is no evidence that the performance
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INTRODUCTION
It is well known but rarely published that camera films
which are to be developed to a relatively low fraction of
<-> , with developers such as Kodak D76 and typical motion
picture negative developers, are made with relatively high
proportions of silver iodide, as much as 10 mole %. On
development to low gamma in these developers with a high
proportion of solution physical development, these emulsions
have relatively good speed as well as fine grain. There are
no published data or explanation describing the relative
response of these films to developer type as a function of
iodide content.
This project provides an experimental study of this
situation. Single run neutral type emulsions with 1, 5 and
10 mole % silver iodide were made, using formulae alike
except for precipitation temperature and physical ripening.
The relative response of these emulsions to Kodak developers
DK50 (low solvent developer) and D23 (high solvent
deyeloper) were studied.
The hypothesis is that the relative performance in D23
as compared to DK50 would be improved with increasing
iodide content. First comparison was on sensitometric
characteristics. The primary interest was on development
to 0.7 gamma where granularity and covering power were
compared at two density levels, about 0.75 and 1.43.
THEORY
(A) Iodobromide Emulsion
A small percentage of Iodide tons is usually used with
stiver bromide in photographic emulsion to obtain the
highest sensitivity. This is usually present during the
precipitation stage as potassium Iodide.
1 2
Study of Berry and Marino and Berry and Skillman
indicates that precipitation of single-jet iodobromide
emulsion may be described conveniently in two stages.
During the first stage, there is a higher proportion of
silver Iodide precipitated because of its lower solubility
as compared to bromide. In the second stage some of the
silver iodide and silver bromide dissolve and recrystal 1 ize.
In the single-jet precipitation the equilibrium changes
continually during the run.
In a finished emulsion, iodide is distributed among
3
all the grains. Sheppard and Trivelli failed to find pure
stiver iodide crystals in iodobromide emulsion in an
extensive investigation. Renwick and Sease observed that
the large grains of a tabular emulsion contained a larger
proportion of iodide than the small grains. Baldsiefan
(private communication) said that this was a single-jet
emul si on.
5
Tani found that emulsions with high internal
sensitivity tn the primitive state gained more speed on
chemical sensitization. This is to be expected, since the
internal sensitivity competes with surface sensitivity and
the surface speed of the primitive emulsion would be lower.
Iodide increases disorder and thus internal sensitivity,
so the increase in speed on sensitization should be greater,
Since the differential in solubility between large and
small grains increase with increasing Iodide, there should
accordingly be more silver deposited on the larger grains
by solution physical development tn the higher iodide
emulsions, thus Increasing threshold speed. The hypothesis
of this project is that the relative performance in D23 as
compared to DK50 would be Improved with increasing iodide
content.
(B) Nutting Model and Covering Power
A representation of developed photographic image was
given by Nutting. The Nutting model is based on the
following assumptions:
0
A developed emulsion layer can be divided into elementary
layers, each Is of one grain thickness and acts indepen
dently in transmitting light.
0
For each layer, grains distribute randomly, with a
negligible degree of overlapping described by the Poisson
statistics .
0
The effectiye area of the aperture used to measure the
image density is much larger than the total area of
developed grains included in the aperture.




where A - effective area of aperture used to measure
density
N - total number of image grains included in A
- effective mean developed projective area
It has been found that the Nutting formula works quite well
7
in practice.
The covering power of a photographic layer is a measure
of the efficiency of producing image density from a given
total grain volume and is defined as 10,000 times of the
ratio of measured optical density to the mass of silver per
unit area
D
Covering Power (CP.) = 10,000 -n-
where M - mass of silver per unit area
The mass of silver per unit area can be calculated as
M - pv ( I )
where \
- mass density of silver
7 - mean grain volume
With the Nutting formula this yields
r p - JL. -
l0g1Qe
Je_
Vs - I k i
'
Hence covering power is greater for smaller grains because
the ratio of projection area to volume increases as the
o
gratn dimensions decrease. Klein theoretically showed
that if grain thickness bears some direct relationship to
the projective area, covering power decreases with
increasing size spread. However as size spread is increased
the thickness associated with a given area tends to decrease
and hence it sometimes causes a compensating increase in
covering power. In single jet emulsions, grain thickness
g
may not increase as much as diameter.
(C) RMS Granularity
An objective method to evaluate the graininess of a
photographic Image Is to measure the random fluctuations in
optical density or transmittance, resulted from the random
fluctuations In the distribution of silver particles in the
image, of a uniformly exposed and processed film sample.
1 o
It was noted by Bricout that the distribution of the
deviations of microdensitometer traces agreed very well with
a Gaussian probability that the density represented by a






where - mean density
(T
- standard deviation of density
In statistics theory the standard deviation of a
population can be experimentally estimated by the sample
standard deviation tf the sample size is large enough.







where N - sample size
0"
in this expression is known as root mean square (rms)
deviation.
1 1
yan Kreyeld also found a good agreement between his
density deviations and the Gaussian law and also noted that
8
successive density deviations are uncorrelated if the
distance between readings Is greater than the width of the
scanning aperture.
Assuming no correlation between the density of
1 2
neighboring areas, Selwyn theoretically showed that if the
scanning aperture is large compared with a grain, so that
many grains lie within the aperture, the density will tend
to follow a Gaussian distribution. If density fluctuation
is small and the Nutting formula holds, this leads to a
Gaussian distribution for density fluctuations. This
explains Bricout's and van Kreveld's experimental result.
The root mean square granularity is conventionally
defined as: rms granularity




Neutral type negative emulsions with 10, 5 and 1 mole %
Iodide were made by single jet method with chemical sensi
tization. Similar formulae were used to reduce variability
among emulsions.
(1 ) Precipitation
The following formulae were used to precipitate
0.1 mole silver halide:
o Silver Solution:
AgN03 (Emulsion grade) 16.99g
Distilled water 450 ml
o Hal ide Sol ution :
10% Iodide - 7% phthaloyl gelatin 4.0 g
KI 1.66g
KBr (99.6%) 11.30g
distilled water, to make 180 ml
5% Iodide - 7% phthaloyl gelatin 4.0 g
KI 0.83g
KBr (99.6%) 11.92g
distilled water, to make 180 ml
1% Iodide - 7% phthaloyl 4.0 g
KI 0.17g
KBr (99.6%) 12.43g
distilled water, to make 180 ml
lialtdes and silver nitrate were weighed with a
precision of O.Olg. The halide solution was in a
10
stainless steel beaker whereas the silver nitrate
solution was put in a separatory funnel with a tip
connected by a treated pure gum tubing.
The gelatin was soaked in the halide solution at
room temperature for about 10 min. With stirring, it
was heated to dissolve in the water bath which was
maintained at precipitation temperature by a thermo
stat. The stirring was provided by a glass stirrer
rotated by a motor. The speed of the motor was
optimized to give maximum mixing without splashing
solution out of the beaker. The funnel was set up so
that the stream of AgN03 solution would fall near the
center of the beaker.
Under Wratten #1 safelight illumination, the
stopcock of the funnel was fully opened and silver
halide grains started to precipitate in the beaker.
The precipitation time was noted at the end.
Precipitation temperature and time for different
emulsions were tabulated as Table 1.















The 1% iodide emulsion was precipitated at lower
temperature to compensate for its higher solubility.
The difference in precipitation time was due to a not
fully opened stopcock which controlled the flow rate
of silver nitrate.
The 1% iodide emulsion is expected to have a
narrower spread of grain size than the other two
emulsions because of its lower iodide content. To
increase its spread of grain size, 4g of KBr (99.6%)
was added at the end of precipitation to the emulsion
for 20 min physical ripening. The stirrer was then
stopped. The beaker was then taken out from the
water bath and cooled to about 45C. To coagulate
the gelatin and silver halide grains, 50 ml of
0.1 N HpSO, was added to the beaker with hand
stirring.
For the 5% and 10% emulsions, the gelatin and
silver halide grains were cooled to 45C and
coagulated in the same manner immediately after the
precipitation. There was no additional KBr added to
these emulsions for physical ripening.
The beaker was sealed light tight by aluminum
foil and was refrigerated for at least 2 hours before
the solvent was carefully drawn from the coagulum by
syringe which consisted of a long glass tube and a
rubber bulb. The beaker was then refilled with cold
12
distilled water, resealed and stored in refrigerator
until redispersion.
Precipitation took place in total darkness
except when Indirect safelight illumination was used
for necessary operations.
13
(2) Redispersion and Sensitization Series
After a few hours refrigeration and under safe
light illumination, the water above the coagulum was
drained. The emulsion was rinsed again by ice cold
distilled water. It was then ready to be redispersed
and sensitized.













The gelatin was allowed to swell in a stainless steel
beaker for about 10 min at room temperature. It was
dissolved with stirring in the water bath at 55C and
was then poured over the coagulum. With stirring,
the emulsion was redispersed at 55C for about 5 min.
A sample was taken for pH and pAg measurement.
Corning model 12 research pH meter was used.
For pH measurement, a buffer of pH
= 6.97 at 40C was
used to calibrate the pH meter. For pAg measurement
the silver electrode was used instead of the glass
electrode. By measuring the electrode potential of




of the emulsion sample, pAg of the emulsion can be
calculated by (Appendix A):
pAg
- 8.6 + 16.1 (V i - Vn )^ny "" ,u*' ^'emulsion Bry
where Vi. and VD are the electrode potentials
emulsion Br
of the emulsion sample and the standard KBr solution
respectively.
The pH value of the emulsion was adjusted with
NaOH solution to 6.1-6.3 at 40C. For each emulsion
25ml of O.IN NaOH was used. The pAg was adjusted
with bromide solution to 8.8-9.0 at 40C. Half of
the emulsion was saved in refrigerator.
With stirring, 2.5ml thiosulfate solution was
added to the other half of the emulsion. At 55C the
emulsion was sensitized with stirring. In order to
determine the optimum sensitization time, coating
samples, each about 50ml, were taken at 30, 60, 90
and 120 min from addition of thiosulfate. Approxi
mate 1ml of a 7% solution of emulsion grade saponin
in distilled water was stirred Into each coating
sample before feeding into the syringe of the coating
machine which was set up to coat approximate 20-30 u
thick emulsion. (Appendix B).
The samples were dried uniformly in a special
dryer that provides a uniform, rapid current of air
swept over all the surface of the film.
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Sensitometric strips of each coating sample were
processed together In DK50 for 3 min and their
characteristic curves were compared to determine the
optimum sensitization time. It was found that 90 min
gives optimum sensitization for the 1, 5 and 10%
iodide emulsions. (Appendix C).
As expected, the speed increase from 30 min to
optimum increases with increasing iodide. This is
shown as Figure 13 in Appendix C.
16
C3) Sensitization and Coating






distilled water, to make
Tetrazaindene solution:







The half batch of the emulsion saved tn refrig
erator, corresponding to 0.05 mole silver halide, was
remelted at 55C. Thiosulfate solution was added to
the emulsion (i.e. 4X10 mole thiosulfate per mole of
silver halide). The emulsion was sensitized at 55C
with stirring. After 90 min 6-methyl -4-hydroxyl -1 ,3 ,
3a ,7-tetrazatndene solution was added to stop further
sensitization.
The emulsion was then coated with approximately
1ml of 7% saponin as before. It took about one hour
to coat the half batch emulsion. Four 5inX8in film
was coated for each half batch emulsion. After dry
ing in the special dryer, the film was examined under
indirect safelight Illumination for defects. Edges
and defects were then trimmed and discarded. The
film was then cut to either 4inX5in, or l/2inX5-l/4in
17
strips. Different coatings from the same emulsion
were pooled together and were refrigerated until
testing.
18
(B) Grain Size Distribution
Unexposed film of each iodide level was sent to the
Polaroid Corporation for size distribution measurement.
Both Zeiss Count and Electrolytic Reduction techniques
were used.
The Zeiss grain size measurements assume spherical
geometry in all
area- and volume-weighting calculations,
thus the thickness to diameter ratio is unity in all cases.
In these measurements, the projected area of an individual
grain (viewed as an electron micrograph replica at 10,000X)
is approximated by the superposition of one of 48 circular
masks chosen by the operator. This process is repeated for
other grains selected at random from the micrograph until
the approximate projected areas for a total of 1,000 grains
has been so accumulated. The statistics for the distri
bution of grain diameters are calculated directly from this
histogram and reported as N.
Diameter distributions weighted by area or volume are
derived from the frequency distribution by multiplying the
number of grains in each size class by the associated area
or volume (calculated assuming spherical geometry); the
statistics for these distributions are reported as N*A and
N*V respectively. All dimensioned quantities (mean, median
and standard deviation) are expressed in microns.
Asymmetry and dispersion were also computed. They are
19
def i ned as :
95% diameter - 50% diameter
asymmetry
dispersion =
50% diameter - 5% diameter
84% diameter - 16% diameter
50% diameter
Independent grain size measurements have also been made
using the electrolytic reduction technique. The emulsion
sample is composed of grains on a fine pore filter paper.
The sample is covered with an electrolytic solution
consisted of a 2% aqueous Na2C03 solution with 120 mg KBr/
litre. The sample is fastened to a slowly revolving turn
table. A silver reference electrode and a 10 fl diameter
Pt sensing electrode sheathed in glass are used. The
potential between these electrodes is adjusted so that
normally no current flows. As the turntable rotates the Pt
electrode successively comes tn contact with individual
silver halide grains. The electrochemical potentials are no
longer balanced and current flows during reduction of the
grain. This current is then amplified and integrated. The
total charge required is proportional to the grain volume.
With this method, grain volume is directly measured and
accumulated for 20,000-30,000 grains with minimal operator




Sensitometric response of each emulsion was tested with
two replicates on development in Kodak developers DK50 and
D23. The replicates were taken randomly from the pooled
strips of different coatings.
Kodak sensitometer 101-890 with a Kodak No. 2 step
tablet and a 0.8 inconel neutral density filter was used to
expose film strips. Illuminance at the film plane of the
sensitometer could be calculated for each step (Appendix D).
Film was warmed up at room temperature for an hour before
exposure.
Developers DK50 and D23 were prepared according to
Kodak standard formulae and preparing procedures
(Appendix E). Stop bath and fixer prepared by the Chem Mix
room of the School of Photographic Arts and Sciences of
R.I.T. were used. For each iodide 1 evel /devel oper/
development time, two replicates were processed together in
total darkness with nitrogen burst as agitation. The burst
duration was 0.8 sec. and the burst interval was 8 sec.
The film hanger was also agitated by hand for the first
15 sec. in developer to dislodge air bubbles trapped on film
surface. The processing procedure was:
Solution
(1 ) water





















Density of each step of the dried strips was read by a
Macbeth TD-504 densitometer. D-log h curve was plotted for
each strip. Gamma and the log h value at the speed point
were obtained from the D-log h curve whereas speed point is
0.1 density above base and fog. Speed is the reciprocal of
the exposure at the speed point.
22
(D) Preparation of Uniform Density Samples
For each iodide level/developer combination, two
35mm x 35mm uniform density samples were prepared, at
D = 0.7 - 0.8 and D = 1.38 - 1.48 on processing to
gamma = 0.7+0.05.
From the graph of gamma v.s. log development time
(Figure 7), appropriate development time to yield this gamma
can be estimated for each emulsion. The exposure can then
be estimated from the corresponding D-log h curves. However
it needed some fine adjustment in both development time and
exposure to have both gamma and density within these values.
A 2850K tungsten light mounted on the ceiling was used,
A shutter connected to a timer and a voltage stabilizer was
mounted directly below the light and was used as a means to
control the exposure. The light was turned on about one
minute before each exposure to ensure the filament was in
equilibrium. Film was held flat with a metal frame and was
at 7 ft. directly below the light. This set-up gives
negligible intensity fall-off at the corner of the film
samples (Appendix F).
The grey flashed sample was then processed along with
a sensitometric strip of the same iodide level to ensure a
correct gamma for the processing. Density readings were
taken across the sample area to check for density variation
within the sample as well as the overall average density.
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The sample was accepted for granularity and covering power
measurement if:
(1) The sensitometric strip had gamma
= 0.7+0.05.
(2) The sample had no significant visible defect or
nonuniformity.
(3) All density readings across the sample were within
0.7 - 0.8 or 1.38 - 1.48 respectively.




A Joyce Loebel microdensitometer was used to scan the
uniform density samples. A 20/0.45 objective and a 10/0.30
condenser were used. The corresponding magnification from
the sample to the physical aperture was measured with a
reticle graduated in 100 jm. and was found to be 32.5. For an
effective aperture of 48 jx in diameter, this magnification
requires a physical aperture of 1.56 mm in diameter. A
circular aperture of this dimension was made by Mr. Richard
Norman and was superimposed on the original square aperture.
A wedge with constant density increments of 0.021 per
centimeter was used. Hence every centimeter deflection
recorded on the graph paper corresponds to a 0.021 density
change in the sample. A 100:1 ratio arm was used. Density
fluctuation was read from the graph at 5 mm intervals which
corresponds to a 50 fk interval on the film sample and hence
the data are independent. Limited by the size of the
plotting platform, the length of scanning path was 2.5 mm on
the film sample. This yields 51 data points on the graph
paper. Seven independent scans were made for each sample.
Before each scanning was recorded on a graph paper, the
sample was scanned once to visually check for irregularities,
like clumped grains, dust particles and pinholes.
Irregularities can be easily seen on the viewing screen
formed by the fully closed aperture. If the scanning path
25
was free of these irregularities, the specimen table was
reversed to its original starting point for re-scanning and
this time the scan was recorded on a graph paper.
Focusing, pen damping and scanning speed are very
critical for optimum sensitivity. When the film was held
flat with proper pressure, it could be sharply focused
throughout the whole scanning path and tt could be easily
checked by watching the image on the viewing screen during
the scan. Scanning speed was set at the slowest rate that
allowed a smooth travel of both the film stage and recording
platform. Pen damping is most critical and it can be
adjusted In the following way. With the specimen table
disengaged from the ratio arm, the measuring beam transmits
through the same spot on the sample and hence the trace
recorded on the graph paper should be a straight line. By
putting a hand in the measuring light path to block the
light and withdrawing it quickly, the optimum pen damping
was set so that it overshot the balanced condition by about
0.5 mm before reaching balance.
For each scan, 48 independent data were taken from the
graph paper at 5 mm intervals to calculate the standard
deviation of the density fluctuation (ov) which Is 0.021
times the standard deviation of the displacement recorded on





The average rms granularity of seven independent scans was
calcul ated.
The distribution of displacement recorded on graph
paper of a scan chosen arbitrarily from the 5% iodide level/
DK50 samples was compared to a corresponding Gaussian
distribution which has the same mean and standard deviation.
It was found that the fluctuation was very close to a
Gaussian distribution (Appendix G). Since the sample used
Is one of the samples of biggest grain size, this shows that
the aperture was big enough to cover sufficient grains to
assume a Gaussian distribution.
27
(F) Covering Power and Silver Concentration
After granularity measurement the uniform density
samples were sent to the Eastman Kodak Company for covering
power and silver concentration measurements.
28
RESULT
(A) Grain Size Distribution
(1) Zeiss Count
The mean, standard deviation, median, asymmetry
and dispersion of the direct count number (N),
calculated area-weighted count (N*A) and calculated
volume-weighted count (\i*V) are tabulated in
Table 2, where the dimensioned quantities (mean,
median and standard deviation) are expressed in
microns.
Normalized count and cumulative percent are
plotted on a linear scale against log diameter, as
shown in Figures 1 - 3.
Table 2. Parameters of Grain Size Distribution
(Zeiss Count)
Standard
Iodide Distri- Devia- Disper























































The mean, median and standard deviation of the
grain size measurements using the electrolytic
reduction technique are tabulated in Table 3.






1% 0.54 m 0.24 m 0.53 m
5% 0.47 0.28 0.38
10% 0.29 . 0.27
Volume-Weighted
Standard
Sample Mean Deviati on Median
1% 0.78 m 0.20 m 0.78 m
5% 1.08 0.38 1.07

































figure 6. Electron Micrograph
C.10% iodide Emu Is ton \
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(C) Sensitometric Characteristics
Sensitometric parameters for each iodide level/
developer were tabulated in Table 4 for various
development time, wherein,
t is development time
b+f is base and fog density
is gamma
h is exposure required to yield 0.1
density above base and fog
density.
The 2nd and 3rd columns were directly measured
quantities, whereas the 4th and 5th columns were
measured from the characteristic curves and the 1st,
6th and 7th columns were calculated parameters.
Figures 7-9 show the relation among these parameters,
with circles and crosses representing data of two
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Figure 9. Log h y.s. Gamma
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(D) RMS Granularity and Covering Power
The rms granularity of the seven independent
traces of each sample is shown in Table 5.
The rms granularity, covering power and silver
concentration are tabulated In Table 6, along with the
log h and speed values when processing to gamma of
0.7+0.05. The average density of the sample is the
mean of five density measurements at the center and
the four corners of the uniform density samples.
Graph of log h v.s. granularity is plotted as
Figure 10. Figure 11 shows the dependence of rms
granularity on area weighted mean diameter because
granularity is more related to grain area. Figure 12
shows the dependence of covering power on volume
weighted mean diameter because coyering power is more
directly related to grain volume. Data from Zeiss
Count is used in Figure 12. However the data from
Zeiss Count and the Electrolytic Reduction have the
same general trend.
Table 5. rms Granularity Data
D = 0.7-0.8
D23 DK50





14.70 16.98 13.96 25.12
10.16 12.66 11 .28 19.08
11 .78 12.34 19.04 17.28
11 .64 12.64 12.08 18.24
16.42 15.36 14.20 18.64
8.70 18.76 14.30 17.34
10.24 13.96 15.38 19.24
x 11.94 14.68 14.32 19.28
s 2.72 2.48 2.52 2.68
16.54 20.14 21 .98 18.76
14.52 17.42 16.16 18.36
14.02 15.20 20.58 22.84
11.16 16.78 21 .62 17.26
12.20 17.12 20.64 20.20
14.14 13.48 17.38 20.96
12.06 15.52 19.32 18.94
x 13.52 16.52 19.66 19.62
s 1.84 2.10 2.18 1 .86
13.74 13.26 13.72 18.38
10.36 12.38 12.82 14.92
10.04 9.80 14.54 18.02
9.40 14.64 17.58 14.88
9.06 11 .40 12.52 15.94
9.44 10.34 13.76 20.36
13.90 10.32 18.76 15.26
x 10.84 11 .74 14.82 16.82
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There is no evidence that the differences in solution-
physical development between D23 and DK50 had a significant
effect on performance. It was found that with a similar
granularity value the 10% iodide emulsion gave a much faster
speed than the 1% iodide emulsion. Figure 14 of Appendix C
shows that the 10% iodide could not have been better
sensitized than the others. The 5% iodide emulsion was
coarser grained than the others, but results support the
same conclusions. The fog difference indicates some unknown
factor in either make or chemical sensitization.
The coating thickness is assumed to be the same for all
coatings of all emulsions. This may not be true, but the
emulsions were coated thick enough that small variation in
thickness should not have significant effect, especially the
coatings were inspected under safelight for nonuniform and
defective areas which were then discarded.
The conclusions are limited to those data points in
this experiment only. More extensive experimentation is
needed for a generalized conclusion on iodide levels and
developers. The result obtained in this experiment may
serve as a starting point for further investigation on this
subject.
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Both the Zeiss count and electrolytic reduction
technique showed that when compared to the 1% iodide
emulsion, the 10% iodide emulsion had smaller mean diameter
in the direct count and area weighted grain size distri
butions but a larger mean diameter in the volume weighted
distribution. This indicates that the 10% iodide emulsion
had thicker grains than the 1% iodide emulsion. The 5%
iodide emulsion had the largest mean diameter of volume
weighted distribution. This indicates that it had the
largest mean grain volume.
The means of both the area and volume weighted
diameter distributions were smaller with electrolytic
reduction technique than with Zeiss count for all emulsions.
This is expected because the emulsions were all single jet,
so that the grains tend to be flat plates and hence
projective dimensions are expected to be larger than their
thickness .
However in both cases the electron micrographs suggest
that the assumption of spherical geometry breaks down for
the larger grains in the higher iodide emulsions.
Dispersion, calculated from Zeiss counts, increased
with iodide level. One would expect that higher iodide
level would mean more nuclei and lower solubility of grains
first formed, therefore smaller range of grain size.
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However the difference in solubility of large and small
grains in higher iodide emulsions is greater and therefore
the rate of Ostwald ripening may be greater and hence the
range of grain size. This difference in solubility did not




Gamma increased linearly with log development
time, as most emulsions do (Figure 7). For the same
development time gamma decreased with increasing
iodide level (Figure 7). In both developers, the
gamma values of 5% and 10% iodide emulsions had very
similar dependence on development time, with 5%
iodide emulsion had a slightly higher value.
Since the emulsions were not developed long
enough for estimation of Jfc*. , no comparisons at equal
fractions of /o can be made. For the data avail
able, DK50 produced a higher gamma than D23. It is
noted that the ratio of the slope in Figure 7 (i.e.,
the rate of increase of gamma with respect to log
development time) between the two developers were
very similar for all emulsions, with D23 producing a
greater slope than DK50. This is tabulated as
Table 7.
Table 7. Ratio of Slope (D23 : DK50)
Slope Ratio of Slope
D23 DK50 (D23 : DK50)
1 % 1.6 1.1 1.5
5% 1.3 0.8 1.6
10% 1.6 1.0 1.6
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It is also noted in Figure 7 that at 0.7 gamma
the ratio of the corresponding development times in
the two developers is very similar in all emulsions.
This is tabulated as Table 8.
Table 8. Ratio of Development Time (D23.-DK50)
Log t Log t Ratio of t
DK50 D23 (D23 - DK50) (D23 : DK50)
1% .12 .56 .44 2.8
5% .30 .75 .45 2.8
0% .38 .85 .47 3.0
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(2) Speed
Since there are not enough data to determine the
exact correlation of speed to development time or
gamma, curves in Figures 8 and 9 should be considered
qualitatively instead of quantitatively.
There is no indication that the relative
performance of D23 was improved with higher iodide
level. Apparently the low potential of D23 makes it
less active with the higher iodide emulsions.
Figure 8 shows a general parallelism of the DK50
and D23 for all three emulsions, with a higher speed
when developed in DK50 than in D23 for the same
development time. This difference between developers
is much reduced when speeds are compared at the same
gamma (Figure 9). No significant difference between
developers was found for the 1% and 5% iodide
emulsions. The greater spread between the developers
for the 10% iodide emulsion may be real, but it
cannot be established by the few data available.
When compared at the same gamma, the speed
advantage of the higher iodide level is irrefutable
although this was not statistically tested (Figure 9).
The 10% iodide emulsion had a little larger grain but
nowhere near enough to account for this magnitude of
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speed Increase. The speed difference between the
1% and 10% Iodide emulsions is more than 0.4 log




There was no significant difference in fog level
between 1% and 10% iodide emulsions whereas the 5%
emulsion showed a much higher fog level. This is
very likely to mean that there was some unknown
factor in the make or chemical sensitization instead
of a characteristic inherent in the 5% iodide level.
As expected D23 yielded a lower fog level than DK50,
which became very obvious as gamma approached one.
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(B) RMS Granularity
Granularity data for both density levels at
0.7-0.8 and 1.38-1.48 are subjected to analysis of
variance (ANOVA) technique (Appendix H). The result
is shown tn Table 9.
Table 9. Summary of ANOVA for RMS Granularity
Sources of Variation
Average Density Iodide Developer/Iodide
of Samples Developer Level Interaction
0.7 - 0.8 *** *** N.S.
1.38 - 1,48 *** *** **
where N.S. - not significant
**
-
significant at 0.05 level
***
- significant at 0.01 level
The 5% iodide emulsion had the largest granularity.
It is obvious from the speed/grain size relation for
either developer that the 5% iodide emulsion had coarser
grains than the others. This explains its larger
granularity. Granularity data of 1% and 10% iodide
emulsions are subjected to ANOVA (Appendix I), without
the 5% iodide emulsion. The result is shown as
Table 10.
Figure 10 shows that development in D23 yielded
a lower granularity than tn DK50, but speed is also
lower for the same value of gamma. The lower
granularity is eLxpected because physical development
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tends to give finer grains.
Table 10. Summary of ANOVA for RMS Granularity
(Without 5% Iodide Emulsion)
Sources of Variation
Average Density Iodide Developer/Iodide
of Samples Developer Level Interaction
0.7 - 0.8 ** ** N.S.
1.38 - 1.48 *** N.S. N.S.
The most important conclusion related to granularity is
that 10% iodide emulsion had faster speed yet its granular
ity was no larger than the 1% iodide emulsion. Although not
tested for statistically, the speed difference of the two
emulsions, which was nearly one order of magnitude for the
same granularity, is irrefutable. The previous ANOVA shows
that iodide level is not a significant source of variation
at D=l .38-1 .48, but it is significant at D=0.7-0.8.
Hypothesis test of granularity values at D=0.7-0.8 shows that
granularity of 1% iodide emulsion is larger than 10% iodide
emulsion at oc-risk 0.25 when developed in D23 and at w-risk
0.025 when developed in DK50 (Appendix J). The 1% iodide
emulsion has the largest mean and median grain size, and
would be expected on this basis to have the highest granular
ity. However, the 5% and 10% iodide emulsions have much
larger asymmetry, which means more larger grains and these
may control granularity. Apparently the 10% iodide emulsion




Covering power increased with density, as it should
It is expected that D23 would yield a lower cover
ing power than DK50 because it gives more solution
physical development. This was not showed in this
experiment. No certain difference between developers
was found, which seems to indicate little solution
physical development.
It Is found that the covering power of 1% iodide
emulsion was larger than the 10% iodide emulsion.
Since the 10% iodide emulsion had thicker grains than
the 1% iodide emulsion, Its lower covering power was
1 3
expected. Klein showed theoretically that covering
power decreases with increasing size spread, provided
grain thickness bears some direct relationship to
projective dimension. Table 5 shows that the disper
sion, which is a measure of size spread, increased with
the increasing iodide levels. This is consistent with
Klein's theoretical finding, although the gratn thick
ness may not bear any direct relationship to projective
dimension.
It is noted that Figure 12 resembles Figure 11 in
that the curves of D23 continue to change while the
curves of DK50 become relatively constant. No explan
ation can be provided. Figure 12 shows that covering
power decreases with increasing grain size as expected.
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At 40C the Ag ton concentration tn 10 N potassium
bromide solution is











is the solubility constant of AgBr at 40C and
- 1 2





By Nernst's equation, the electrode potential of the






where V is the standard cell potential
R is gas constant and is 1.987 cal/mole-deg
F is Faraday constant and is 23,060
cal/volt-
equivalent
T is the absolute temperature and is 313 deg for 40 C
_3
A> the electrodes are in the 10 N potassium bromide solution














From (1) and (2), the pAg value of the emulsion can be






8-6 + '-I tvemulston "-Br*
The concentration of the bromide solution was chosen so that





The coating machine built by Prof. Nielson was used.
It mainly consists of a vacuum platform for 5tn X 18in
film and a carriage. The temperature of the platform ts
controlled by a water jacket under it. The water jacket is
connected to a hot-and-cold faucet. When emulsion is being
coated, the platform should be about 40-45C so that it is
warm enough to smooth out local irregularity. After coating,
it is chilled by cold water. The carriage supports the
coating head, syringe and the motor drive for the syringe.
As the carriage is driven to travel, the motor drives the
piston of the syringe which forces the emulsion to the
coating head and then out of the slit. While the carriage
can only travel at one constant speed of 18in/37sec, the
rate of flow can be controlled by the slit width and a
series of driving rates of the syringe piston.
The slit of the coating head was set to be lOmil
whereas the clearance between the coating head and the
platform was set at 7mil so that a continuous
"bead"
of
emulsion could be forced through the slit and could be
coated uniformly. However due to the wear of the instrument,




Samples of 30, 60, 90 and 120 min sensitization were
processed in DK50 for 3 min. The gamma and log h values
of each sample were obtained from its sensitometric curve.
As shown in Figures 13 and 14, 90 mi;n would give nearly
optimum sensitization In all cases, and low probability of
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30 60 90 120
Sensitization Time (min)
Figure 13. Gamma v.s. Sensitization Time
30 60 90 120
Sensitization Time (min)
Figure 14. Log h v.s. Sensitization Time
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Appendix D
Illuminance at Film Plane of Sensitometer
Illuminance at the film plane without the neutral
density filter and step wedge is 1700 meter-candle. The
density of the two plastic wedge holders is 0.1. Hence,
the Illuminance at the film plane can be calculated for each
step by:
log h = log 1700 - 0.8 - 0.1 - density of that step
where h is the illuminance at the film plane. The log h
values are calculated and tabulated in Table 11.













































































Formulae for Kodak Developers D23 and DK50
14
D23 water, about 50UC
Kodak Elon developing agent
Kodak sodium sulfite (anhydrous)
cold water to make
DK50 water, about 50C
Kodak Elon developing agent
Kodak sodium sulfite (anhydrous)
Kodak hydroquinone
Kodalk balanced alkali













Developers were stored in stoppered bottles




Exposure Setup for Uniform Density Samples
The configuration of the setup used to expose the
uniform density samples Is shown as Figure 15, where S is
the light source and D ABCD is the film with center 0.
The distance between the source and the film is 7 ft
(or 2134mm) and the flashed area of the film is 35mm X 35mm.
Since the light is less than one Inch In diameter, which is
much less than the distance to the film, it can be viewed
as a point source. Hence, inverse square law can be used to
calculate the illuminance at the film:
1
Illuminance at center x

















This corresponds to 0.01% fall-off at the corner, and was








Density Fluctuation of a 5% Iodide Level/DK50 Sample
v.s. its Corresponding Gaussian Distribution
Forty-eight independent data points were taken from the
scan of a 5% iodide level/DK50 sample. The distribution of
the relative displacement recorded on the graph paper is
shown in Table 12.
Table 12. Distribution of Relative Displacement
Relative Displacement
cell limits/cell average(x.)
1.5 - 2.5 2
2.5 - 3.5 3
3.5 - 4.5 4
4.5 - 5.5 5
5.5 - 6.5 6
6.5 - 7.5 7
7.5 - 8.5 8

































The histogram of this distribution is shown in Figure 16.
It was then compared to a Gaussian curve with the same mean






Table 13 shows the values of P-.(x). This Gaussian curve is
then superimposed on Figure 16. Comparing F. and Pm(x) as
well as from Figure 16, the sample distribution is very
close to a Gaussian distribution with the same mean and
standard deviation.
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Appendix H.
ANOVA for RMS Granularity
Cl) Samples of D=0.7-0.8
Table 14. ANOVA for Samples @ D = 0.7 - 0.8
Degree
Source of Sum of of Mean
Variation Square Freedom Square F-Ratio
Iodide level Cl) 97.6104 2 48.8052 10.1943
***
Developer CD) 50.9960 1 50.9960 10.6519
***
Interaction IXD 9.2588 2 4.6294 0.9670 N.S.
Error 172.3484 36 4.7875
Total 330.2136 41
(2) Samples of D=l .38-1 .48
Table 15. ANOVA for Samples @ D = 1.38 - 1.48
Degree
Source of Sum of of Mean
Variation Square Freedom Square F-Ratio
Iodide level CD 110.4856 2 55.2428 10.3316
***
Developer CD) 55.7752 1 55.7752 10.4311
***
Interaction IXD 44.3608 2 22.1804 4.1482
**
Error 192.4912 36 5.3470
Total 403.1128 41
















ANOVA for RMS Granularity
(Without 5% Iodide Emulsion)
(1) Samples of D=0.7-0.8
Table 16. ANOVA for Samples @ D = 0.7 - 0.8
Degree
Source of Sum of of Mean
Variation Square Freedom Square F-ratio
Iodide level (I) 28.5224 1 28.5224 5.4404
**
Developer (D) 22.7880 1 22.7880 4.3466
**
Interaction Ud 5.9064 1 5.9064 1.1266 N.S.
Error 125.8244 24 5.2427
Total 183.0412 27
(2) Samples of D=l .38-1.48
Table 17. ANOVA for Samples 0 D = 1.38 - 1.48
Degree
Source of Sum of of Mean
Variation Square Freedom Square F-ratio
Iodide level (I) 6.7228 1 6.7228 1.1280 N.S.
Developer (D) 84.9120 1 84.9120 14.2472
***
Interaction IXD 15.2148 1 15.2148 2.5529 N.S.
Error 143.0372 24 5.9599
Total 249.8868 27














granularity of 1% iodide emulsion
granularity of 10% Iodide emulsion
Assumptions: normal distribution of populations;
independence of the two sets of measurements; equal
population variances.
































For development in D23
X1
= 11 .94 ,
S- = 2.72
X1Q= 10.84 S]0= 2.08
Substituting these values to S

















Conclusion: Alternative hypothesis is accepted with
K-risk of 0.025 for development tn DK50 and with
-risk of 0.25 for development in D23.
